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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated 
3.1n the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] The formation approach of the resist pattern characterized by including the process 
which performs pattern exposure to said resist, the process which carries out fixed time amount 
gentle placement of the exposed resist, and the process which heat-treats after standing in the 
formation approach of the resist pattern for processing a substrate using a photosensitive 
novolak system resist 

[Claim 2] It is the formation approach of the resist pattern according to claim 1 characterized by 
performing said heat treatment at the temperature beyond prebaking temperature including the 
process which prebakes to said resist before performing pattern exposure. 
[Claim 3] The thickness of said resist is the formation approach of the resist pattern according 
to claim 1 or 2 characterized by being 5 micrometers or more and 20 micrometers or less. 
[Claim 4] The pattern formed in said resist is the formation approach of the resist pattern any 
one publication of claim 1-3 characterized by having the part whose opening dimension is 30 
micrometers or less. 

[Claim 5] Said fixed time amount is the formation approach of the resist pattern any one 
publication of claim 1-4 characterized by being more than for 5 minutes. 
[Claim 6] The manufacture approach of the semiconductor device characterized by etching a 
GaAs substrate using the resist pattern formed by the formation approach according to claim 1 
to 5. 

[Claim 7] The manufacture approach of the semiconductor device characterized by forming the 
Bahia hall among two or more active elements which etched the substrate using the resist 
pattern formed by the formation approach according to claim 1 to 5, and were prepared on the 
substrate. 

[Claim 8] The manufacture approach of the semiconductor device characterized by forming 
plating wiring on a substrate using the resist pattern formed by the formation approach 
according to claim 1 to 5. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the semi- 
conductor by the detailed substrate etching mask or the plating pattern about the pattern 
formation of a thick photosensitive resist 
[0002] 

[Description of the Prior Art] In case a semiconductor device is formed, it is important to realize 
etching of a high aspect ratio with the large etching depth compared with an opening dimension. 
The Bahia hall is established in the both sides of the component of two or more hetero-bipolar 
transistors (HBT). and the approach of connecting the rear face and emitter electrode of a 
substrate is proposed as shown in a semiconductor device and its manufacture approach given 
in JP,8-279562A If the dimension of the Bahia hall and the process tolerance of the Bahia hall 
tend to become the factor which determines the magnitude of a component like this 
conventional technique when it is going to form the Bahia hall between active elements, and it is 
going to form the semiconductor device of a high degree of integration, formation of a detailed 
etching pattern will serve as an important technique. The thickness of the substrate in the 
above-mentioned conventional technique is about 30 micrometers, in order to carry out detailed 
processing, substrate thickness is comparatively made thin, and a process is considered to try to 
become easy. 

[0003] However, if substrate thickness is thin, it will become a serious failure to handling — it is 
weak against an impact For this reason, if substrate thickness can be thickened and the detailed 
Bahia hall can be formed, it will become compatible [ hunt ring nature and high integration ]. The 
minimum part is 10-30 micrometers, and the opening dimension of the Bahia hall demanded here 
is made desirable [ the etching depth ] about 60-100 micrometers. 

[0004] In order to realize high etching of such an aspect ratio, an etching mask is important, and 
even if it raises the etching velocity ratio of the substrate to the etch rate of mask material 
about to 20 by optimization of etching conditions, in order to realize an etching depth of 100 
micrometers, also at the lowest, a resist with a thickness of 5 micrometers is required. 
Considering an actual process margin, a resist with a thickness of 10 micrometers or more is 
required. 
[0005] 

[Problem(s) to be Solved by the Invention] However, there are the following problems in a thick 
resist 

- When a resist pattern is exposed and developed, big stress remains in a resist 

- if it heat-treats after development — temperature lower than the glass-transition temperature 
of resin — even setting — a pattern — who arises, the pattern produced here — who will have 
big effect for example, on an etching configuration. The opening dimension to about [ enlarging 
the gap from the mask dimension of etching ] and a GaAs substrate is comparatively small, and 
compared with it in deep etching, the end face of etched GaAs is ruined with the pattern of a 
resist and produces the problem that a smooth etching side does not come out 

[0006] Drawing 9 is the sectional view of the substrate when etching using the formation 
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approach of the conventional resist pattern. Drawing 9 (a) uses the novolak system resist 902 
for the GaAs substrate 901 , and shows the cross section in which the pattern which has width 
of face of about 10-30 micrometers was formed to it Although about 1 -micrometer variation of 
tolerance produces to a design value since the opening dimension 903 depends on the resolution 
of a resist at this time, it does not change a lot. Although the glass-transition temperature of a 
novolak system resist is usually said to be 120 degrees C - 140 degrees C. if heat treatment is 
added to this at 90-110 degrees C which is temperature lower than this, as shown in drawing 9 

(b) . in a longitudinal direction, the amount of [ breadth and / 904 ] opening is larger than a design 
dimension, and the resist of the both ends for opening 904 will be finished 

[0007] If dry etching which used for example, chlorine gas for this substrate is given, GaAs of the 
part which carried out opening will receive etching, and a hollow will be formed. Although it 
becomes thin in order that a resist 905 may receive etching in coincidence as shown in drawing 
9 (c), the configuration of the end face 906 of the hollow in a GaAs substrate will not be smooth, 
and will produce bigger side etching than the original dimension. 

[0008] This side etching has the large effect which gives the time when opening dimension width 
of face is smaller to an error from a design dimension. Depending on the configuration of a resist, 
this side etching will very become easy to take place, if the configuration of a resist deforms 
from the original configuration by heat treatment like this example. 

[0009] Moreover, although the configuration of a resist is in the condition shown in drawing 9 (a) 
when not adding heat treatment after pattern formation Since it needs to be heat-treated after 
exposure as a property of a resist in order to stabilize resin (the photoreaction of an unexposed 
part is stopped especially) When the resist in which the pattern was formed is used for an 
etching mask, without heat-treating temperature more than prebaking, since the resist is 
unstable, a resist mask will deform during etching. By this, it will be hard coming to appear 
repeatability in an etching configuration, and will become an etching configuration like drawing 9 

(c) after all. 

[0010] Therefore, although it is required to make it stabilize a resist to acquire the stable etching 
configuration and heat treatment is needed for that purpose, even if it is temperature lower than 
glass-transition temperature, heat treatment after pattern formation produces pattern 
deformation, and has the problem of being inapplicable to a process. 

[001 1] Then, the technique of heat-treating a resist between a pattern exposure process and a 
development process is proposed. Although this technique was widely known as the technique of 
reducing the standing wave produced on the edge of a resist by interference of light when it was 
referred to as PEB (Post Exposure Bake) and a submicron pattern was formed, the effectiveness 
over the thick-film resist 5 micrometers or more which is applied to the high resolution resist of 
1 micrometer - 2 micrometer thickness, and usually considers application here was unknown. 
[0012] When PEB for 1 minute was applied at 1 10 degrees C to the prebaking temperature of 90 
degrees 0 to the novolak system resist of 10-micrometer thickness, the following problems 
actually arose. 

[0013] It has novolak resin in a base polymer, and, in the case of the novolak system resist using 
the optical cleavage reaction of a diazo group, nitrogen arises in the resist film by the chemical 
reaction of the part by which light was irradiated at the exposure process. In the case of a thick- 
film resist, if this nitrogen cannot escape easily outside out of the resist film and heat treatment 
is performed after exposure, the volume of nitrogen will expand and phenomena, such as foaming, 
will arise. That is, foaming of nitrogen arose into the part in which the pattern was formed, and a 
different technical problem from the case where a high resolution resist is received clearly 
referred to as that a resist is torn arose. 

[0014] The purpose of this invention is offering the formation approach of the resist pattern 
which has sufficient thickness and can form a detailed dimension pattern, and the manufacture 
approach of a semiconductor device. 
[0015] 

[[\/ieans for Solving the Problem] This invention is the formation approach of the resist pattern 
characterized by including the process which performs pattern exposure to said resist, the 
process which carries out fixed time amount gentle placement of the exposed resist, and the 
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process which heat-treats after standing in the formation approach of the resist pattern for 
processing a substrate using a photosensitive novolak system resist. 
[0016] Since heat treatment will be performed after carrying out fixed time amount gentle 
placement of the resist by which pattern exposure was carried out if this invention is followed, it 
has sufficient thickness and a detailed dimension pattern can be formed. Substrate etching with 
a high precision is realizable with this. 

[0017] Moreover, before this invention performs pattern exposure, it is characterized by 
performing said heat treatment at the temperature beyond prebaking temperature including the 
process which prebakes to said resist. 

[0018] If this invention is followed, since it will heat-treat at the temperature beyond prebaking 
temperature, increase of stabilization of a resist and high substrate processing of precision can 
be performed further. 

[0019] Moreover, this invention is characterized by the thickness of a resist being 5 micrometers 
or more and 20 micrometers or less. 

[0020] If this invention is followed, since the thickness of a resist will be 5 micrometers or more 

and 20 micrometers or less, the resist pattern which has sufficient thickness can be formed 

[0021] Moreover, the pattern with which this invention was formed in the resist is characterized 

by having the part whose opening dimension is 30 micrometers or less. 

[0022] If this invention is followed, since the pattern formed in the resist has the part whose 

opening dimension is 30 micrometers or less, it can form the resist pattern of a detailed 

dimension. 

[0023] Moreover, this invention is characterized by said fixed time amount being more than for 5 
minutes. If this invention is followed, since it will put more than for 5 minutes, the stable resist 
pattern can be formed. 

[0024] Moreover, this invention is the manufacture approach of the semiconductor device 
characterized by etching a GaAs substrate using the resist pattern formed by the above- 
mentioned formation approach. 

[0025] If this invention is followed, since a GaAs substrate will be. etched using the resist pattern 
formed by the above-mentioned formation approach, highly efficient semiconductor devices, 
such as HBT, can be manufactured with high degree of accuracy. 

[0026] Moreover, this invention is the manufacture approach of the semiconductor device 
characterized by forming the Bahia hall among two or more active elements which etched the 
substrate using the resist pattern formed by the above-mentioned formation approach, and were 
prepared on the substrate. 

[0027] If this invention is followed, since the Bahia hall will be formed among two or more active 
elements which etched the substrate using the resist pattern formed by.the above-mentioned 
formation approach, and were prepared on the substrate, an electrical property can be raised 
while being able to miniaturize the appearance of a semiconductor device. 
[0028] Moreover, this invention is the manufacture approach of the semiconductor device 
characterized by forming plating wiring on a substrate using the resist pattern formed by the 
above-mentioned formation approach. 

[0029] If this invention is followed, since plating wiring will be formed on a substrate using the 
resist pattern formed by the above-mentioned formation approach, the stability of a resist is 
raised also in the plating wiring process that heat is added to a resist, and high plating wiring of 
precision is realized. Furthermore, when using alkaline plating liquid, the stability of a resist is 
improved by leaps and bounds, and high plating wiring of precision is realized. 
[0030] 

[Embodiment of the Invention] Hereafter, it explains to a detail using a drawing. Drawing 1 is the 
process-flow Fig. showing the formation approach of the resist pattern which is one gestalt of 
operation of this invention. The process-flow Fig. showing the formation approach of the 
conventional resist pattern for a comparison is also shown. Drawing 1 (a) shows the process- 
flow Fig. of this invention, and drawing 1 (b) shows the conventional process-flow Fig. At the 
conventional process flow, thickness prebakes by applying a resist 5 micrometers or more to a 
substrate with a spin coat method etc. at a process b1 first. Next ultraviolet-rays exposure is 
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carried out using the mask with which a desired pattern is obtained at a process b2. Negatives 
are developed with an alkali developer etc. at a process b3, and the resist after exposure is 
performed at a process b4, and it heat-treats at the temperature beyond prebaking temperature. 
Who and foaming will arise in a resist and it will become impossible to use it as a mask for 
etching a substrate at this time. 

[0031] At the process flow of this invention, thickness prebakes by applying a resist 5 
micrometers or more to a substrate with a spin coat method etc. at a process a1 first. Next, 
ultraviolet-rays exposure is carried out using the mask with which a desired pattern is obtained 
at a process a2. The resist after exposure is put more than for 5 minutes at a process a3, and it 
heat-treats at the temperature beyond prebaking temperature by the process a4. Negatives are 
developed with an alkali developer etc. at a process a5 after heat treatment In this invention, 
since a standing process is included after exposure, even if it heat-treats, neither who nor 
foaming is seen, but it has sufficient thickness, and etching resist in which micro processing is 
possible can be realized. 

[0032] Drawing 1 (c) is the sectional view of resist 102 pattern on the substrate 101 obtained by 
application of this invention. Drawing 1 (b) is the sectional view of resist 1 04 pattern on the 
substrate 103 obtained according to the conventional process. By application of this invention,^ 
although the resist 102 has received heat treatment higher than prebaking temperature, who 
does not produce it like the pattern of the resist 104 obtained by the conventional approach of 
drawing 1 (b). 

[0033] Furthermore, this invention is explained concretely. 

(Example 1) A novolak system resist ( part number by Hoechst A.G.: AZ4903) is applied to a flat 
substrate with a spin coat method so that it may become the thickness of 10 micrometers. The 
rotational frequency was carried out for 3 minutes by 5000 rotations. Although the GaAs wafer 
was used for the substrate, in addition to this, a flat substrate is sufficient also as Si wafer. 
[0034] Prebaking was carried out in 20 minutes and within oven at 90 degrees C. To the 
substrate after prebaking, using the mask located in a line at intervals of [ three ] 10 
micrometers, the pattern of a l OmicrometerxSOmicrometer dimension distributed homogeneity in 
the resist front face with the design value, and was exposed with it. Drawing 2 shows the top 
view and sectional view of a pattern which are formed in a resist . Detail of arrangement and the 
configuration of a pattern is given using this drawing 2 . It extracts to a substrate 201 by the 
resist 202, and the pattern is formed in it In fact, since the dimension of opening after 
development produced some gap from the design value, the shorter side of an opening part was 
set to 11 micrometers, and spacing was set to 9 micrometers. The long side was as the design 
value in 50 micrometers. Exposure conditions are 1000 mJ/cm2, and formed in 500 substrate 
front faces the pattern shown in drawing 2 . The dimension currently observed by this invention 
is the dimension of the shorter side of an opening part, i.e., the dimension shown by w in drawing 
2(a). 

[0035] It put at the room temperature after exposure for 30 seconds, 1 minute, 2 minutes, 3 

minutes, 5 minutes, 10 minutes, and 20 minutes, and 110 degrees C and the resist front face 

which performed heat treatment for 1 minute were observed using the hot plate. The foaming 

phenomenon was looked at by a part of resists. The result is shown in Table 1 . 

[0036] The result of having used the novolak system resist (Tokyo adaptation make product 

name :P MER.) of the result at the time of using the novolak system resist (Sumitomo Chemical 

product name: PFI) whose resist thickness is 1 micrometer and 5 micrometers, and 10- 

micrometer thickness is collectively shown in Table 1 . 

[0037] 

[Table 1] 
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[0038] As shown in Table 1. after exposing, the case of 5-micrometer thickness resist and in 
the case of 10-miorometer thickness resist, fixed time amount gentle placement can be carried 
out and the foaming phenomenon produced on a resist front face can be reduced by adding heat 
treatment. If it puts more than for 5 minutes especially, as for the number of foaming, it turns 
out that it decreases sharply, and if it puts more than for 10 minutes, foaming will not be 
produced by subsequent heat treatment either. Although not indicated in Table 1, in the resist 
(two coats of AZ4903 by Hoechst A.G.) of 20~micrometer thickness, although the relation 
between the settling time after exposure and the number of foaming parts was investigated, the 
inclination is the same as the above, and if the number of foaming decreases sharply and it puts 
more than for 10 minutes by the standing more than for 5 minutes, foaming will not be observed. 
Although it is thought also in a resist with a thickness of 20 micrometers or more that an 
inclination is the same, the limitation of the resist thickness which can resolve a pattern with 
small 5-1 0-micrometer width efface is about 20 micrometers, and in order to employ efficiently 
the effectiveness (dimensional accuracy) by stabilization of the detailed resist pattern which 
applied this invention. 20 micrometers or less are desirable [ a limitation ] as resist thickness. 
[0039] Since a foaming phenomenon is not seen on the other hand in the case of 1 -micrometer 
thickness resist which can attain high resolution even if it heat-treats after [ of an immediately 
after / exposure ] 30 seconds mostly, it is not necessary to put in a resist with a thickness of 
about 1 micrometer. 

[0040] Although the temperature of 110 degrees C in heat treatment is sufficient temperature to 
stop an operation of the sensitization radical of the unexposed part of a resist it needs to acUust 
time amount according to the thickness and the quality of the material of a substrate. That is. on 
the low substrate of pyroconductivity. such as GaAs, heat treatment takes time amount 
Although 110 degrees C and heat treatment for 1 minute were performed in this example, time 
amount of heait treatment may be carried out more than for 1 minute. If a throughput is taken 
into consideration, for 1 - 3 minutes will be desirable, and a stabilization effect will hardly change 
as a line for a long time more than it. 

[0041] Moreover, although the hot plate was used for 110-degree C heat treatment in this 
example, this has the controllability of temperature, and the good homogeneity within a field, and 
it is because heat treatment is completed by short time amount Even If it uses the oven by 
which temperature control was carried out with high precision, it becomes the same heat 
treatment. In that case, it is necessary to acjjust time amount effective for stabilization by the 
long duration offer 5 - 10 minutes. In this way. fixed time amount gentle placement was carried 
out after exposure, the substrate which added heat treatment was developed, and the pattern 
was formed in the resist The pattern configuration of a resist turned into the configuration 
where the cross section was suitable for etching with the rectangle. 

[0042] In an example 1. it puts for 10 minutes after exposure. 110 degrees C. (Example 2) After 
the resist pattern which added and formed heat treatment for 1 minute, and development, 1 10 
degrees C, High frequency was impressed for the GaAs substrate in the mixed gas of chlorine 
and SiGI4 by using as a mask the resist pattern which formed by performing heat treatment for 1 
minute, and the pattern heat-treated and formed after development respectively, the plasma 
was generated, and dry etching was given for 30 minutes. 

[0043] Drawing 3 shows process drawing from exposure by the formation approach of this 
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invention to etching. In drawing 3 (a), it has the field 303 exposed in the desired configuration in 
the resist 302 formed on the substrate 301 . Standing of this substrate 301 is carried out at a 
fixed time amount room temperature after exposure, and 110 degrees C and heat treatment for 1 
minute are performed to it. A resist has a cross-section configuration as shown in drawinig 3 (b) 
by developing this substrate 301. Here, the resist 302 has received 1 10 degrees C and heat 
treatment for 1 minute, and the cross^section configuration of the resist pattern section has 
perpendicularly a substrate and the almost equal angle in which it succeeds. It is the dry etching 
conditions described previously, and using a resist 302 as a mask, a substrate is etched and the 
cross-section configuration shown in drawing 3 (c) is obtained. Although thickness of a resist 
304 is decreasing by dry etching, the opening dimension w of a substrate turns into a dimension 
near the original mask dimension. Moreover, the side attachment wall 306 of the etching part of a 
substrate 301 shows the smooth configuration, and the etching depth is 70 micrometers. The 
result of having measured and compared the substrate surface internal division cloth of the 
opening dimension w of the pattern formed in the substrate 301 is shown in Table 2. 
[0044] 
[Table 2] 
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[0045] Although the design value of pattern size is 10 micrometers, the actual resist opening 
dimension after development is finished in 1 1 micrometers. When the resist pattern which put for 
10 minutes after exposure and formed by perform 110 degrees C and heat treatment for 1 
minute with the hot plate before development Is use , if it takes into consideration that 1.5 
micrometers of opening dimensions of a resist are 1 1 micrometers although it is large from 
pattern size ( design value ) , the average of the opening dimension of the substrate obtain by 
etching also has little dispersion ( sigma ) , and shows that the very good etching configuration is 
acquire . 

[0046] On the other hand, when 1 10 degrees C and heat treatment for 1 minute are performed 
after development, deformation occurred to the pattern and the etching configuration is also 
affected. For example, to the pattern size (design dimension) of 10 micrometers, although it is 11 
micrometers before heat treatment, it will spread in 12 micrometers by heat-treating. With this 
resist pattern, if it etches, increase of an opening dimension will be seen further and it will be set 
to 15.8 micrometers. From the design value of a basis, it is 5.8-micrometer increase and will 
increase by 3.8 micrometers also from a resist opening dimension. 

[0047] Furthermore, although the opening dimension of a resist is finished in 1 1 micrometers to 
the design value of 10 micrometers of an opening dimension when not heat-treating, the opening 
dimension of a substrate spreads in 14 or S micrometers. This has an unstable resist in order not 
to heat-treat, and it is considered to become big opening in order to cause deformation of a 
resist pattern during etching. 

[0048] Although this example showed the case where it put for 10 minutes after exposure, also 
when it put more than for 10 minutes, there was no difference in distribution of the opening 
dimension of the substrate obtained by etching. 

[0049] Thus, foaming by generating of the nitrogen in a resist is prevented by carrying out fixed 
time amount gentle placement, and adding heat treatment after exposure, and since it becomes 
possible to attain stabilization of a resist, it can use as a mask of stable substrate processing. 
[0050] (Example 3) Like the example 2, on the GaAs substrate, the novolak system resist 
(AZ4903 by Hoechst A.G.) was applied so that it might become the thickness of 10 micrometers, 
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90 degrees C and prebaking for 30 minutes were given, and three kinds of following resist 
patterns were formed. 

[0051] ** The resist pattern developed and formed after putting for 10 minutes and adding 1 10 
degrees C and heat treatment for 1 minute after exposure, The resist pattern which added 
and formed 110 degrees C and heat treatment for 1 minute after exposure and development, ** 
The design dimension formed the opening pattern (10 micrometers, 15 micrometers, 20 
micrometers, 30 micrometers, 40 micrometers, 50 micrometers, and 100 micrometers) in each 
resist pattern formed without heat treatment after exposure and development. 
[0052] The top view of a pattern is shown in drawing 4 (a), and the sectional view of a pattern is 
shown in (b). The above and the design dimension from 10 micrometers to 100 micrometers were 
shown by w all over drawing, and the long side I of a pattern was fixed to 150 micrometers. On 
the GaAs substrate 401, it has a resist 402 and the pattern is formed, as shown in drawing 4 (b). 
High frequency was impressed into the mixed gas of chlorine and SiCI4 to the GaAs substrate 
401. the plasma was generated, using this resist pattern as a mask, and dry etching was given for 
30 minutes. The depth changes with opening dimensions and the thing which has a large opening 
area receives etching more deeply. It was the deepest, amounted to 110 micrometers, was the 
shallowest, and was 70 micrometers. 

[0053] The substrate opening dimension at the time of using a design dimension and each resist 

pattern for an etching mask is shown in Table 3. 

[0054] 

[Tables] 
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[0055] When design dimensions are 10 micrometers, 15 micrometers, 20 micrometers, and 30 
micrometers in Table 3, Carry out fixed time amount gentle placement after exposure, and in 1 10 
degrees 0 and the resist pattern by the formation approach of this invention given before 
developing heat treatment for 1 minute As opposed to the difference of a design dimension and 
the opening dimension of a substrate being 1 .5-2.0 micrometers It turns out that the difference 
with the opening dimension actually formed with a design dimension after exposure and 
development at a substrate with 110 degrees C, the resist pattern which added heat treatment 
for 1 minute, and the resist pattern which does not perform heat treatment amounts to 4-5 
micrometers. 

[0056] Furthermore, in the resist pattern by the formation approach of this invention, even if it 
sees the case where a design dimension is 40 micrometers or more, although the opening 
dimension of a substrate only increases by 1-2 micrometers to a design dimension, compared 
with a design dimension, 3-5-micrometer increase produces the resist pattern which heat- 
treated after exposure and development, and the resist pattern which does not heat-treat in the 
opening dimension of a substrate. However, since it remains in about 10% of increase of a design 
dimension at the maximum, compared with a case with a small dimension of 30 micrometers or 
less, effect is small. It is a case with a dimension of 30 micrometers or less that fluctuation of 
the opening dimension to a design dimension is effectively suppressed by application of this 
invention. 

[0057] (Example 4) Next, it investigated about the relation between the conditions of PEB heat- 
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treated after exposure, and the opening dimension by etching. 

[0058] Drawing 5 is a graph which shows the effect of the temperature of FEB to the difference 
of a design value and an opening dimension. Each heat treatment was carried out with the hot 
plate, and heat treatment time amount was set as for 1 minute. 

[0059] The temperature of FEB affects the gap from the design dimension of an opening 
dimension, and dimension dispersion as shown in drawing 5 . For example, although finished in 
90-degree C FEB more greatly 2.5 micrometers than a design dimension, at 100-degree C FEB, . 
1.7 micrometers becomes large, by 110-degree C FEB, it remains in 1.5-micrometer increase 
and an improvement effect is seen. Even if it is 90-degree C FEB, an improvement effect will be 
seen, if it compares when there is neither a case where heat treatment is added after 
development, nor heat treatment, as Table 2 showed. 

[0060] If the temperature of FEB exceeds 110 degrees C, the improvement effect over 
dimension fluctuation will become weaker. If heat treatment temperature approaches glass 
transition temperature, as for this, the property of a resist will change^ an opening configuration 
is because it is narrow and a pars basilaris ossis occipitalis becomes [ the upper part ] large, 
when such a resist pattern is used for an etching mask, proper etching will not be able to be 
realized but an opening dimension will be greatly finished to a design dimension, however — 
since the constancy of a resist is realizable with FEB — dispersion — being related (it displaying 
on drawing 5 with an error bar) — an improvement effect is seen. 

[0061] Although the effectiveness of the FEB temperature of an about was checked in this 
example when a design dimension was 10 micrometers, the effectiveness of FEB is observed 
also in which opening dimension from 10 micrometers to 100 micrometers. Since the difference 
of the actual opening dimension to a design dimension will become small relatively when 110- 
degree C heat treatment was performed after other approaches, for example, development, or 
even when not performing heat treatment if an opening dimension exceeds 30 micrometers as 
the previous example also described, effectiveness becomes however, less remarkable. 
[0062] (Example 5) The example at the time of applying the resist pattern by the formation 
approach of this invention on the substrate with which it was prepared in the active element is 
described. 

[0063] Drawing 6 is process drawing when an active element is prepared on a substrate. In 
drawing 6 (a), two or more formation of the heterojunction bipolar transistor (HBT) which is the 
active element which consists of the n+GaAs sub collector layer 602, the n GaAs collector layer 
603. the p+GaAs base layer 604, and the n InGaF emitter layer 605 on the half-insulation GaAs 
substrate 601 is carried out. The sub collector layer 602 is formed by 1 micrometer - 1.5 
micrometers, and 5000A - 1 micrometer and the base layer 604 are formed [ 500A - 1000A and 
the emitter layer 605 ] for the collector layer 603 by the thickness of 3000-5000A. 
[0064] Although this HBT has a collector electrode 606, a base electrode 607, and the emitter 
electrode 608 and a collector electrode 606 and a base electrode 607 do not appear by a 
diagram, it connects with the pad electrode prepared on the halHnsulation GaAs substrate 601 
with wiring. Moreover, between the emitter layer 605 and the emitter electrode 608, in order to 
reduce contact resistance of an emitter electrode, the contact layer which used n+InGaAs is 
formed in many cases. 

[0065] As shown in drawing 6 (b). HBT formed on the substrate 601 is covered by the insulator 
layer 609, and opening of the top part of the emitter electrode 608 is carried out. An insulator 
layer 609 has low inductivity. such as polyimide and benz-cyclo-butene. and its flexible resin is 
desirable. The novolak system resist 610 4903. for example. AZ, is applied to this substrate 601 
with a spin coat so that it may become the thickness of 10 micrometers, and the desired pattern 
611 is exposed on condition that 1300 mJ/cm2 between HBT and HBT and at the substrate 
edge. Although it put at the room temperature more than for 10 minutes after exposure and 110 
degrees C and heat treatment for 1 minute were performed with the hot plate, the turbulence of 
the pattern by foaming was not visible to the exposure part 61 1. When same heat treatment was 
performed in 2 minutes after exposure for a comparison, many foaming was seen in the resist 
focusing on the exposed part, and since a resist was torn, a pattern was not able to be formed. 
[0066] Then, negatives were developed in the alkali water solution and the cross-section 
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staicture shown in drawing 6 (c) was acquired. At this time, the resist 612 is stabilized in 
response to heat treatment. Furthermore, the resist configuration of the part which is carrying 
out opening had the almost perpendicular include angle alpha in which the end face of a 
substrate and a resist succeeds. l\/ioreover, the opening dimension w of a resist was 14 
micrometers. 

[0067] Drawing 7 is process drawing when an active element is prepared on a substrate. Impress 
high frequency to the substrate shown by drawing 6 (c) in the mixed gas of chlorine and SiCI4. it 
is made to generate the plasma, and dry etching is performed. Etching time was set as for 30 
minutes. In drawing 7 (a), although thickness decreases in response to etching also in a resist 
701, the hollow as a resist mask is formed in the half-insulation GaAs substrate 702. The end 
face 703 of a substrate hollow was smooth, and the opening dimension w of a substrate was as 
the opening dimension of a resist mostly with 14.5 micrometers. In addition, the etching depth 
was 70 micrometers. 

[0068] From a substrate 702, using organic solvents, such as an acetone, it exfoliates and a . 
resist 701 is washed, and as shown in drawing 7 (b), the electric supply metal 704 is formed in a 
substrate 702. The electric supply metal 704 consists of two-layer [ of titanium and gold ], and 
titanium deposits 500A and 4000A of gold. In drawing 7 (c), gold 705 is deposited by electrolytic 
plating using the electric supply metal 704. If it is made for the thickness to deposit to be set to 
15 micrometers in a flat part, the upper part of a hollow will be closed by metal. 
[0069] Drawing 8 is process drawing when an active element is prepared on a substrate. In 
drawing 8 (a), a substrate 801 is wrapped from a rear face and the lower part of an electrode 802 
is exposed by making it thin. In drawing 8 (b). a back metal 803, for example, gold, is deposited by 
the thickness of 10 micrometers at the rear face of a substrate 801. When the formed Bahia hall 
was seen from the upper part, it was carrying out the rectangle whose long side the opening 
dimension of a shorter side is 14.5 micrometers, and is 50 micrometers here, and the depth was 
70 micrometers. It can form by 100 to 1 1 0-micrometer Fukashi by lengthening etching time. 
[0070] Thus, since the detailed and deep Bahia hall can be finished with the almost same 
dimension as a mask dimension by using the resist pattern by the formation approach of this 
invention, the Bahia hall of a detailed dimension can be formed among two or more HBT, and it 
can be filled up with metal. Since the Bahia hall formed of this invention has the very good 
imprint dimensional accuracy from a mask (resist), it becomes possible to make distance of the 
Bahia hall and HBT small, the effectiveness which can perform contraction of the chip 
appearance which is a semiconductor device, and the wiring distance from the emitter electrode 
to the Bahia hall become short, and it is effective in raising RF engine performance of HBT — a 
low touch-down inductance is realizable. HBT for high fi^equency by this invention can build a 
highly efficient radio communications system by using for the power amplification of for example, 
a radio device. 

[0071] (Example 6) The resist pattern formed by the formation approach of this invention is high 
stability "i^^fi^ to a process which passes through the process at which heat is added after 
pattern formation. Moreover, although there is a property to be easy to melt into an alkaline 
solution, as a description of a novolak system resist, alkali resistance improves by heatH:reating. 
[0072] For example, the wiring formation process by golden electrolytic plating is dipped in 
plating liquid with a temperature of 60 to 70 degrees C, and deposits gold. Moreover, in order 
that plating wiring may usually form a metal with a thickness of 5 micrometers - about 10 
micrometers, the thickness beyond it is needed for the resist used for a mask. When such a thick 
resist touches hot plating liquid only by prebaking processing for a long time, deformation may be 
looked at by the resist pattern, or a problem may arise in adhesion with a substrate. Moreover, if 
a hot BEKU process is given from prebaking temperature after pattern formation, it will be 
improved, but since big stress exists in the resist pattern, deformation is seen even if it heat- 
treats temperature lower than glass-transition temperature. 

[0073] The case where the resist pattern by the formation approach of this invention is used for 
the mask of plating wiring is explained. A novolak system resist (for example, Tokyo adaptation 
make PMER) is applied to the GaAs substrate with which electric supply metal (titanium and gold 
are 500A and 1000A) was formed so that it may become the thickness of 10 micrometers. It 
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prebakes at 90 degrees C for 1 hour, and fixed time amount gentle placement of the desired 
circuit pattern is carried out at a room temperature after exposure by 1 500 m J/cm2. If this time 
amount is more than for 5 minutes, it will not produce problems, such as foaming of an exposure 
part, by heat treatment performed after that 110 degrees C and heat treatment for 1 minute are 
performed after standing, and negatives are developed in an alkali water solution. Although 
electrolytic plating was soaked into liquid gilding (neutral water solution) with a temperature of 65 
degrees C for 1 hour and being carried out, peeling of a pattern and the bruise on the front face 
of a resist were not seen, but good plating wiring was obtained. 

[0074] In the case of the metal plating liquid of cyanogen content, it is an alkaline solution 
although the neutral solution was used for plating liquid in this example. If it is the resist formed 
by the usual technique when plating liquid is an alkaline solution, the same thing as performing 
the development process by the addition during plating will happen, and pattern deformation of a 
resist will arise still more notably. If the resist which had 10 micrometers of thickness from the 
first is specifically used without heat treatment with alkaline plating liquid, resist thickness will be 
set to about 7 micrometers after plating of 1 hour. However, in the case of the resist pattern 
using the formation approach of this invention, the resist of the part which was not developed is 
stable with heat treatment, and since it exists in stability and after plating of 1 hour maintains 
the thickness of 10 micrometers into an alkaline plating solution, high plating wiring of precision 
is realizable. 
[0075] 

[Effect of the Invention] As mentioned above, according to this invention^ it has sufficient 
thickness, and a detailed dimension pattern can be formed, and substrate etching with a high 
precision can bovrealized. 

[0076] Moreover, according to this invention, increase of stabilization of a resist and high 
substrate processing of precision can be performed.. 

[0077] Moreover, according to this invention, highly efficient semiconductor devices, such as 
HBT, can be manufactured with high degree of accuracy. 

[0078] Moreover, according to this invention, an electrical property can be raised while being 
able to miniaturize the appearance of a semiconductor device. 

[0079] Moreover, according to this invention, the stability of a resist is raised also in the plating 
wiring process that heat is added to a resist, and high plating wiring of precision is realized. . 
Furthermore, when using alkaline plating liquid, the stability of a resist is improved by leaps and 
bounds, and high plating wiring of precision is realized. 



[Translation done.] 
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[0 05 21 ^4 (a) Cc/>-^-->CD¥M^. (b)CC 
>^>C5?->©Bfffl0*m"*"o lute. 1 0 umif^h 100 u 

UJ 1 5 0 MinCca5£L/Ca 04 (b)(C 

^^j:^iCGaAsSfi4 0 l±tC, Ui;^Xh402^ 

iUrfflt^ GaAsSS4 0 HcWLra^iS i C 

$'!fT3o»ifflF^-<x^.^>y:&ftbyfco as^jiisp 

!y^>5^^St:f-2>o Si>ail^4>©-Cl lOmnCc^l/. 
Wti>^ii>i><OXl OiimX^r>fto 
[005 3]^3JC, WlMf^t^Uty:^h^'^^->^ 

[0 0 5 4] 
[^3] 



n 



(7) 



2002-3 1953 1 
12 





mn^m (9) 


mQ-^m (0) 


ffiP^ife (<r) 


1 0 


1 1. 5(1.0) 


1 5. 8(4. 2) 


14.8(4.0) 


1 5 


16.5(1. 0) 


2 0.5 (4. 3) 


2 0. 0 (3- 8) 


2 0 


2 2. 0(1. 0) 


2 5. 5(4. 1) 


. 24.8(3.8) 


3 0 


3 2. 0(1. 0) 


3 4.5 (2. 0) 


34.8(3. 1) 


4 0 


4 1. 5(0. 8) 


4 4.4 (2. 0) 


45.5(2.8) 


5 0 


5 2. 0(1.0) 


5 4.2 (2. 0) 


5 4. 0(2. 5) 


100 


10 1,0(1.0) 


10 3.0(1.8) 


10 4. 3 (2.0) 



[0 05 5]S3fC*Jl>r. Stt^dU 0 Mm. 15 

urn. 2 0 urn. 3 0um<Dm^. S^aJC-^ffiSpS^ 

m.(o^n-mt(Dmti. 5-2. oumr^-Eooec 
*fL. S3ic. 3i^^cci 1 o-c. li^fsomtm^m^ 

-mtomt. 4-5MmCCS'r-&Ci3&i*lJSo 20 
[0 0 5 6 ] 3 Sit^3&U 0 am6{±<Dii^^ 

W^^m^mx. S«(Drap-tffi«l-2MmJi 
»lt^Stctb-^rSS(DiaP^cc 3 --5 m moti 

3 0iim]^JiT(D-m<om^V$>^. 

[0057] (mm ) ;xtc. n^^icmmt^ p 
[oo5 8}ia5tt. w^mtmn-tmtommr^ 

[0 05 9] 135 iCS^^nrCi-Sar^K:, PEB^ag 

CcK»*-^^-6. AciAt*. 9 0-COPEB-CttSH-^ 
Si: 132. 5mn;^t<tt±*i€»3&s. 10 0-CO[>PEB 
r^l. 7 umi^^<rj:*)^ 1 1 Ot;©PEBX^«l. 

PEB-CdboTfe, ^2r^nL//c<fc9&c. ^l^f^^Mja 
[0060] PEB<0Mg7&i. 1 1 O'C^a^-Si^S 



cfc 5 3fe U i^X h >^^-^ - >^x ^> ^ vx ^ CcmiiAcJi 

<^^«PEBtCcfc-DT^rtTt,i^CDr. 

[0 0 6 1 ] *^«?!I-C«. Win^-^m^^ 1 0 /imOJi^ 
CCOC^rcOP E BU&<m^^mmLfci)K PE BC[>Sft 
1 0 umff^h 1 0 0 mn^rCi-rnobSP^K: 

«««(ci 1 oxommm^mvfcm^^. mm 

[0 06 2] (Il!fe0!15) *^?g(Djf^^ffi(cj:^b5;^ 

[ 0 0 6 3 ] a 6 w^^mmi-tm^htxtc^ 

^(DJMmxh^. B6 (a) «:4sl:^r. *»^ttGa 
As«fi60 1±tC, n+ GaAs1f:r=iU^^^Ji6 
02, n GaAsr3U^^®603. p+ GaAs^ 
--;^li6 0 4. n I nGaPx^ v^®605:&>6fiS 

(HEX) :^?S0S5S*iri^€>„ ^^/^U^^M^O 
2{il/zm--l. 5/im. 3U^^S6 0 3 fi5 0 0 0 
A--lMm. ^--;^Ji6 0 4tt5 0 0A^l OOOA. 
X5 ^ ^116 0 5«3 0 0 0-5 0 OOkOW^Xl&m 

[0 064] C(OHBT«. 3U^d/^606. ^- 
xmffi6 0 7. x$ "^^^geOS^Wb. nUi^^r^ 

®6 0 6i. -<--;^IIS6O7«0'C«^;iJ^jCO35r5. ^ 

ite^ttGaAsS^eo l±«:^:we»nA:/^'!y Kmacc 

iB»T«JRSiirc>i, xS5r^®6 0 5<bX5 
•>^mS6 0 8<DPi^«. X5 5r^Sg(Dn>^^hfi 
Ci€ffi«T^/c«?)^. n+ I nGaAs%fflt^/cn> 

[006 5] ae (b) CC^fct^OC. S«6 0 1±(C 




13 

;^h6 1 0. /c<i:;i«AZ49 0 3^. 1 0 Mm(D/?$ 
BTC7)ra'^^SSSi5CcmM©>'^'^--> 6 11^. 130 

omj/cm'(D^-cg7^-r^. 1 O^fflJet 
Ji^firSau, llOU l»lffl<Djg|toa«:t-7F:/ 

[0066] COM. T;u:<7y *^ccr3i«*m\ 

^6 (c) ^Tikt^mm^M^fbtlfc. C(D<bt. Uiy 

X h CDSP-^ffiwtt 1 .4 M mV$> o/Cb. 
[ 0 0 6 7 ] 07». S«±CCfiEiBi«^35rJ»tt6tlfc» 
^(DX^Sr^)^, ^6 (c) T^U/cSSCC, 
S i C \,tqm^i:f:^^VMm^^Wmb. r^^Xv 

«3 0»Pfl<bL/h. S7 (a) tC^cJl^r. bi^Xh7 0 

aAsS«7 0 2K:U5;^x h vx^iiO<Dg*3!r5»^$ 

n-So asa^(DSM7 0 3{mhi}^x$> d . s«cdi§ 
□^w». 14. bumtmtu'jxhomn-tmm 

^X3b^ft. ^Cfc. x^.^>e/ai$tt7 0Mmr*-:> 

[0 06 8] Sfi7 0 25&:>6. Ui^X h 7 0 1 ^T-fe h 
v^o^a^SSJJ^ffli^TfHJBtLriSfe^L. 07 (b) k: 
J:^ 7 0 2 ^ ;l/ 7 0 4 ^Bfj^t^. 

%500A. ^*4 0 00A#ffflS1^'S» 07 (c) «: 

*5i>r . l&m^ 3? ;u 7 0 4 ^ffloT^ 7 0 5 ^ 

[0 0 6 9 ] 08«, mM±^mmm'Fi)miihtifcm 
^<Dxmmx$>6. ms (a) cc^ai^r. atsso i^ 

2(Dr^^mm^^6o ms (h) cc:tec>r. s«8o 

l(DSMCy^-^yy^;l.8 0 3. fct^{t. ^^10 u 

±m^^^^tmi(Dmn-m-^u 4. 5 Mm. 

giZl3&i5 0 umCOf^B^bXid^ . m^ti^l 0 Mm"C* 

61 loumomitxm^^^^o 




(8) !RpPa20 0 2~3 1 9 5 3 1 
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[0 07 0] C<DJ:^(,C. ^^mo:>B^&(^^6i^v 

>f > y ^ i> >X «r^^r ^ ^/j: B TCDSiSigtttB^:. 
^ c i cc J: o r SttfiB/cCMJSafii^'X r a t 

[007 1 ] (mme) :^^m<ommm^cx^xm 

b-5Xg^S^ J: ^ ^5: :/a 42X tc*f L-CHl^SiEttTn 

10 07 2] fct^[t. ^(Dmrn^y^^^^mmBis. 
xg«. 6 0 -c^^e 7 0 voM&o^ -J ^m^cmbx^ 

^-yxfi^iS-if{fife#sn6:^^. u$;^xh/s^^>cc 
«;^#j^j:XKux3&iSiSELr(r>^/c&. :tf5xiS{4as 

[ 0 0 7 3 ] =^^iBiS© vx y CC*^H^CDB^:^tC 

(^^?>i^3&i, 5 0 OA. 1 0 00A)3&$ 
B^^n/tGaAsSffiCC^jJ^^^^^I^Ut^Xh (fci 
ym^tim PMER) 1 0/im<D/f;5f(c/j: 

40 1 50 0mJ/'cm'T^^ 

tk. mux-^mmw^'T^o commit b^miiitx 
$>tiftt. ^(om7mim(>c^^x. nyt^^o^mm 
(OTm^^ctja^K ifa^^i 1 o-c. i^mcomm. 

r)\^tfVyk^mxmm^n^o Mm^y^\t. 
ias6 5 -ccD^^ i^m^^m) ^(^c 1 nmmi 

[0074] com^mxit. J y^m^^imm^m 
50 m.xi>^o ^y^mifiT)iitjt)fmm<om^. mm 
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1 B#te<D^ 7 ^fS^ 1 0 u mOm^^B^OVn 10 
[0075] 

[0 07 6] tfdi^^m^<^tiu. ujpx ho:^mtffi 

[0077] <i:n«. H BT^j:^(Dflittfi8 

[007 8] $/c*^H^CC J:n{^. *»ftSg©^1'?^^ 20 

[0079] ^^ci^mm^^inU. wt^x hcc^ur». 
[@ScDffiiW<ci«§9] 

[0 1 ] *^W(Dl|]5fi<3!>-?BSIr*>-& Ut^;^ ^/^•dr-> 30 

[B2I uyx ^«:J^fi^3tl'5/^•^''-><D¥ffila*J<l:^>' 

[05] i9:itffiiraP^<f:Cr)MCC*fT^»PEBCDSS 
[06] »SLh«:t6tt3R^-:?&Ji9:l:r6>ifc»^©Xgigr 40 



!KfI§2 0 0 2~3 1 9 53 1 
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[08] Sfi±(cffitt5R^A5ig:t:r6tiytii^©xgBt? 
[09] «£*(Ouy;^h^>-»^><DJBSWj**ffli^rx 
[#^©lftM] 

1 0 1,1 0 3.20 1.30 1.40 1 WSL 

102 *%?BtCcI:'SUi^Xh>'A-^--> 

104 mMmi^^h\yl^:^V^^^-> 

202. 302. 304. 402 ^^-"j ^ ^Jk\^i>y^ 

h 



303 




306 




60 1 


#^ttGaAsS« 


602 




603 




604 




605 




608 




607 




608 




609 


mmm 


6 1 0. 


6 12 ^if-vv^Jh\^i>7.y 


6 1 1 




70 1 




702 




703 




704 




705 




80 1 


^iteigtttGaAsSS 


802 




803 




90 1 




902 




903 




904 




905 




906 






(12) #132 0 0 2-3 1 9 53 1 

(SDInt.a/ m%m^ FI r-v>rK(##) 

GO 3 F 7/40 5 2 1 HOIL 2V30 5 68 

F ^ - A (##) 2H025 M04 AA08 MIO ABlfi ACOl 
AD03 BEOl CB29 FAOl FA12 
FA17 FA35 
2H096 AA25 BAIO DAOl DAIO EA02 

FAOl GA08 HA13 
5F046 3A22 KA04 LA18 



